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Maternal uniparental disomy of chromosome 7 (matUPD7), the inheritance of both chromosomes from only the
mother, is observed in ∼10% of patients with Silver-Russell syndrome (SRS). It has been suggested that at least
one imprinted gene that regulates growth and development resides on human chromosome 7. To date, three
imprinted genes—PEG1/MEST, g2-COP, and GRB10—have been identified on chromosome 7, but their role in
the etiology of SRS remains uncertain. In a systematic screening with microsatellite markers, for matUPD7 cases
among patients with SRS, we identified a patient who had a small segment of matUPD7 and biparental inheritance
of the remainder of chromosome 7. Such a pattern may be explained by somatic recombination in the zygote. The
matUPD7 segment at 7q31-qter extends for 35 Mb and includes the imprinted gene cluster of PEG1/MEST and
g2-COP at 7q32. GRB10 at 7p11.2-p12 is located within a region of biparental inheritance. Although partial UPD
has previously been reported for chromosomes 6, 11, 14, and 15, this is the first report of a patient with SRS who
has segmental matUPD7. Our findings delimit a candidate imprinted region sufficient to cause SRS.
Uniparental disomy (UPD) is the inheritance of both
homologous chromosomes of a chromosome pair from
only one parent (Engel 1980). “Isodisomy” refers to the
inheritance of two copies of a single chromosome—and
“heterodisomy” refers to the inheritance of both chro-
mosomes of a pair—from only one parent. Mechanisms
leading to UPD include gamete complementation (fer-
tilization by a disomic and nullisomic gamete); trisomy
rescue (extraction of the supernumerary chromosome,
which, in one-third of cases, leads to UPD); monosomy
duplication (duplication of the single chromosome pre-
sent); and postfertilization errors (gene conversion and
mitotic recombinations) (Spence et al. 1988; Engel
1993). UPD can disrupt the balance between imprinted
genes and, thereby, can lead to phenotypic manifesta-
tions (Cattanach and Beechey 1990). Genomic imprints
are set differently during oogenesis and spermatogenesis,
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and the imprinted genes are expressed by either the ma-
ternal or the paternal allele (Surani et al. 1984).
More than 20 cases of maternal UPD for chromosome
7 (matUPD7) have been reported (Spence et al. 1988; Voss
et al. 1989; Spotila et al. 1992; Eggerding et al. 1994;
Kotzot et al. 1995; Langlois et al. 1995; Eggermann et
al. 1997; Preece et al. 1997; Price et al. 1999; Bernard et
al. 1999). All patients have presented with severe growth
retardation, and 14 patients had Silver-Russell syn-
drome (SRS [MIM 180860]). SRS is a syndrome of severe
pre- and postnatal growth retardation with some typical
dysmorphic features, including asymmetry and/or hemi-
hypertrophy of trunk, limbs, and face; clino- and brachy-
dactyly of the fifth fingers; a triangular face with a broad
and prominent forehead; a small lower jaw; and down-
turned mouth corners (Silver et al. 1953; Russell 1954)
(table 1). Most cases of SRS are sporadic, but recessive,
dominant, and X-linked modes of inheritance have all
been suggested (Partington 1986; Duncan et al. 1990;
Teebi 1992). Chromosomal aberrations have also been
reported in patients with SRS. Approximately 10% of
patients with SRS exhibit matUPD7, but the normal
growth and development observed in patients with pa-
ternal UPD7 (Ho¨glund et al. 1994) suggest that imprinted
genes play a role in the etiology of SRS (Kotzot et al.
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Table 1









Born small for gestational age  94
Postnatal growth retardation  100
Relative macrocephaly  64
Triangular face  83
Bossing forehead  65
Downturned mouth corners  74
Micrognathia  33
Clino- and/or brachydactyly  80
Asymmetry  74
Confirmatory:
Feeding difficulties  56
Low-set ears/ear anomalies  53
High-pitched voice  22
Delayed closure of anterior fontanelle  18
NOTE.—Diagnosis of SRS was made on the basis of the most typical
characteristics listed. The frequencies of characteristics noted in SRS
are from reports by Escobar et al. (1978), Wollmann et al. (1995),
and Price et al. (1999). Features vary extensively between patients,
and no unambiguous criteria have been set for the diagnosis.
a  p Present;  p absent.
1995; Eggermann et al. 1997; Preece et al. 1997). It has
been suggested that the matUPD7 phenotype is caused
either by a lack of a paternally expressed growth-pro-
moting gene or by an excess of a maternally expressed
growth-suppressing gene. To date, three imprinted genes
have been identified on human chromosome 7: PEG1/
MEST (Riesewijk et al. 1997) and g2-COP (Blagitko et
al. 1999) are located at 7q32, and GRB10 is located at
7p11.2-p12 (Blagitko et al. 2000; Yoshihashi et al. 2000).
However, their roles in the molecular etiology of SRS
remain unclear.
Abnormal inheritance of small genomic regions con-
taining imprinted genes causes both Angelman syndrome
(AS [MIM 105830]) and Prader-Willi syndrome (PWS
[MIM 176270]), at 15q11-q13 (Nicholls et al. 1998),
as well as Beckwith-Wiedemann syndrome (BWS [MIM
130650]), at 11p15.5 (Reik and Maher 1997). Similarly,
it is likely that only a small region on chromosome 7 is
responsible for the SRS phenotype. Although the finding
of imprinted genes on chromosome 7 has focused in-
terest on these loci, a distinct candidate region remains
to be identified. So far, all but one matUPD7 case have
had matUPD7 for the whole chromosome; that patient
had paternal isodisomy of 7p and maternal isodisomy
of 7q, compatible with the involvement of a 7q gene
(Eggerding et al. 1994). One patient with a maternal
duplication of 7p12.1-p13 and one with a maternal du-
plication of 7p11-p13 (both including duplication of the
imprinted GRB10 gene) have been reported, evoking
further interest in this region as a possible carrier of an
SRS-causing gene (Joyce et al. 1999; Monk et al. 2000).
The presence of a patient with SRS who had both a
paternally derived ring chromosome for 7p12-q11 and
matUPD7 for the remainder of chromosome 7 indicated
that 7p12-q11 may be excluded (Miyoshi et al. 1999).
We report here the first case of segmental matUPD7 in
a patient with SRS, which narrows the candidate region
for a SRS gene.
In screening for matUPD7 among patients with SRS,
we have studied DNA samples from 33 patients and their
parents. DNA was isolated from blood samples by stan-
dard procedures (Lahiri et al. 1991). Initial screening for
cases of matUPD7 was performed, by genotyping the
patients and their parents with 14 chromosome 7–spe-
cific fluorescent tetra- and dinucleotide repeat microsat-
ellite markers. PCRs were performed in 10-ml reactions
containing 20 ng of DNA, Buffer II, 2.01# AmpliTaq
mM MgCl2, 100 mM each dNTP, 4.0 mM each primer,
and 5 U of AmpliTaq Gold polymerase (PE Biosystems).
Amplification was done in an initial denaturation of 10
min at 94C, followed by 35 cycles of 30 s at 94C, 30
s at 59C, and 30 s at 72C, with a final extension at
72C for 10 min. For the 14 screening markers, the prod-
ucts were resolved by an automated sequencer (ABI),
and analysis of genotyping data was performed with
GENOTYPER software (PE Biosystems). When one or
more markers suggested irregular inheritance, as many
as 76 additional microsatellite markers were genotyped.
The PCR products for additional markers were resolved
on 6% polyacrylamide gels by electrophoresis and were
silver stained; the results were read visually. Paternity
was verified by the genotyping of six microsatellite mark-
ers from chromosomes 4, 6, and 11, in a way similar to
that described above. The study has been approved by
the Ethical Review Board of the Hospital for Children
and Adolescents, Helsinki University Central Hospital.
A written consent to participate in this study was given
by the patients’ parents.
Full chromosome–length matUPD7 was found in four
cases of SRS, and segmental matUPD7 was found in one
case. This female patient (fig. 1) was born small for
gestational age, at 375 wk gestation, with a birth
weight of 1,510 g (4.3 SD [standard deviation from
the mean weight for age]) and a length of 40 cm (4.9
SD). Her parents are healthy and of average height: her
father’s height is 182 cm (0.4 SD) and her mother’s is
168 cm (0.4 SD), yielding an expected height of 0.4
SD; her two elder siblings have grown normally. At age
1.35 years, her height was 71.5 cm (2.9 SD), her
weight was 6,950 g (22% relative to median weight
for height), and her head circumference was 47 cm (0.2
SD). She was slender in appearance and had relative
macrocephaly, a slightly triangular face, a bossed fore-
head, slightly downturned mouth corners, slight clino-
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Figure 1 A, Patient at age 1.7 years. B, Growth of patient, according to population-standard charts. The patient’s growth improved
steadily but remained ∼3 SD below the mean height for age. Ages are corrected to the preterm birth. C, High-resolution partial karyotype of
the patient, excluding a deletion at 7q31-qter. D, Verification of paternity, with six non-chromosome 7–specific markers.
dactyly of the fifth fingers, and dimples on her scapulae.
She had a high-pitched voice, and her teeth have erupted
irregularly. Her psychomotor development was normal,
as was her hearing and eyesight. SRS was diagnosed on
the basis of these typical yet mild SRS characteristics
(table 1 and fig. 1). The phenotype is consistent with
our previous observations of a mild SRS phenotype in
patients with matUPD7 (Hannula et al., in press).
In this patient, irregular inheritance was first observed
for marker D7S1824 on 7q on the basis of homozygosity
for a maternal allele and lack of paternal alleles (figs. 2
and 3), whereas markers D7S1808, D7S2846, and
D7S821 showed biparental inheritance (fig. 3). Other
markers gave results compatible with either situation.
Further genotyping, with a total of 90 microsatellite
markers along chromosome 7, confirmed isodisomic
matUPD7 for 7q31-qter and biparental inheritance for
the remainder of the chromosome (figs. 2 and 3).
Homozygosity for 23 consecutive markers and ma-
ternal-only inheritance for nine markers within this seg-
ment are indisputable evidence for isodisomic matUPD7
in the patient. The matUPD7 segment spanned a mini-
mum of 35 Mb (from D7S686 to D7S2447) and a max-
imum of 43 Mb (from D7S633 to qter), a result sup-
ported unambiguously by the markers D7S686,
D7S680, D7S684, D7S1824, D7S661, D7S2207,
D7S794, D7S798, and D7S2447 (fig. 3). Within and
adjacent to this segment there were homozygous mark-
ers for which the father shared the same alleles as were
seen in the proband and mother (i.e., markers D7S677,
D7S650, D7S530, D7S649, D7S1804, D7S681,
D7S631, D7S2195, D7S676, D7S1826, D7S636,
D7S642, D7S559, and D7S2423). Biparental inheri-
tance of alleles from both the mother and father was
observed for the rest of chromosome 7, with 27 markers
unambiguously informative for the paternal inheritance
of alleles (figs. 2 and 3). Paternity was confirmed by
genotyping of six non-chromosome 7–specific micro-
satellite markers, and the possibility of a large deletion
on the paternal chromosome was excluded by the pres-
ence of a normal female karyotype (fig. 1C).
The segmental pattern of isodisomy can be explained
by the presence of rare early postzygotic mitotic recom-
binations. Most likely, there is a single continuous
matUPD7 segment, but the data are also consistent with
the more complex explanation of three discontinuous
isodisomic segments at 7q31-qter. Isodisomic matUPD7
could have resulted, in the simplest case, from a rare
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Figure 2 Microsatellite markers indicating matUPD7 and biparental inheritance in distinct segments of chromosome 7. A–D, matUPD7
revealed by markers D7S686 at 7q31 (A), D7S1824 at 7q32-g34 (B), D7S2207 at 7q32-q34 (C), and D7S2447 at 7q36 (D). E–H, Biparental
inheritance with markers D7S2252 at 7p15 (E), D7S1830 at 7q11 (F), D7S644 at 7q21 (G), and D7S658 at 7q31.1 (H). Ppproband;Mpmother;
Fpfather; CpCEPH 1347-02.
mitotic crossing-over occurring during the first zygotic
division, with subsequent loss of one daughter cell (fig.
4). Mosaic UPD would result from either the persistence
of both daughter cells or somatic recombination during
a later cell division. A pattern of mosaicism was not
indicated by the results of blood DNA analysis, but it
cannot be ruled out in other tissues. Somatic recombi-
nation has been suggested as a cause of segmental UPD
for patUPD6q24-qter (Das et al. 2000), patUPD11p15
in BWS (Henry et al. 1993), matUPD14q23-q24.2 (Mar-
tin et al. 1999), and in PWS (Nicholls et al. 1989; Greg-
ory et al. 1991). Other explanations for the observed
segmental matUPD7 are more complex. For example,
heterodisomic matUPD7 is, in theory, possible for mark-
ers for which the child and mother share the same alleles,
either homozygous or heterozygous; but we consider this
alternative unlikely, since the presence of both partial
heterodisomic and partial isodisomic matUPD7 regions
would have had to result from complex meiotic and
mitotic errors.
The cluster of the imprinted genes PEG1/MEST and
g2-COP, at 7q32, is located in the matUPD7 segment.
Putative candidate genes for SRS that are located in the
observed matUPD7 segment include those near PEG1/
MEST and g2-COP, as well as those that clearly regulate
growth and that cause SRS-like phenotypes when mu-
tated. Imprinted genes tend to occur in clusters (Reik
and Maher 1997), which makes it possible that genes
such as CPA1, CPA2, CATR1, UBE2H, and NRF1
(Hayashida et al. 2000), which are located near PEG1/
MEST and g2-COP, may be imprinted as well. Other
interesting genes in the matUPD7 segment include CUL-
LIN 1 and NOS3. CULLIN 1 has a role in the regu-
lation of mammalian G1/S transitions (Yu et al. 1998)
and, when mutated in Caenorhabditis elegans, leads to
hyperplasia of all tissues and to abnormally small cells
(Kipreos et al. 1996). NOS3 synthesizes nitric monox-
ide, which has a crucial role in the regulation of both
vasomotor tone and blood flow through the intrauterine
artery to the fetus. Deficiency of nitric monoxide in preg-
nant rats causes fetal growth retardation (Yallampalli
and Garfield 1993).
The third imprinted gene, GRB10, as well as the can-
didate genes IGFBP1 and IGFBP3, are located in a bial-
lelically inherited region in our patient (fig. 3), suggest-
ing that SRS can arise despite regular inheritance of these
genes. However, the two cases of maternal duplication
at 7p11-p13 (Joyce et al. 1999; Monk et al. 2000), which
is the region that includes GRB10, raised the possibil-
ity that a maternally expressed (paternally imprinted)
growth-suppressing gene is located within this region.
Polymorphisms and mutations in GRB10 have been re-
ported in patients with SRS (Blagitko et al. 2000; Yoshi-
hashi et al. 2000), but the role of GRB10 in SRS remains
unknown. IGFBP1, a known regulator of fetal growth,
was also included in the duplicated region. IGFBP1
maps to mouse chromosome 11, which causes growth
failure in cases of matUPD11 in mice (Cattanach and
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Figure 3 Location of partial isodisomic matUPD7 segment, and its relation to known imprinted loci. Genotyping with as many as 90
microsatellite markers revealed a segment of matUPD7 in 7q31-qter. The segment of matUPD7 was demonstrated unambiguously by the
inheritance of only maternal alleles for markers spanning from 132 Mb to qter (boldface letters and thicker line). Uninformative markers within
the segment are not listed (thinner line). The approximate cytogenetic positions of the marker loci are shown (dashed lines). The patient was
heterozygous for 44 markers (italics) on the remainder of chromosome 7, indicating biparental inheritance. Markers with unambiguous paternal
inheritance are denoted by an asterisk (*); the remaining markers are all compatible with paternal inheritance. Allele sizes are in base pairs.
ndpno data. Positions of markers are according to the Genetic Location Database map. Locations of the three known imprinted genes on
chromosome 7 (i.e., GRB10, PEG1/MEST, and g2-COP) and of other genes that are strong candidates for SRS are shown to the left of the
ideogram. Homologous regions of mouse chromosomes 6 and 11, which harbor imprinted genes with possible effects on growth, are shown
to the right (hatched bars). These regions are good candidates for containing imprinted genes in humans.
Beechey 1990) and which thus is a good candidate for
the SRS gene. However, IGFBP1 and IGFBP3 are both
biallelically expressed in humans (Wakeling et al. 2000).
This is the first report of a patient with SRS who has
a distinct matUPD7 segment and biparental inheritance
of the remainder of the chromosome. In previously re-
ported cases, the matUPD7 has constituted the entire
chromosome, or at least the long arm in its entirety. Our
results significantly narrow the candidate region for im-
printed genes that cause SRS and suggest that the 7q31-
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Figure 4 Mitotic recombinations leading to the partial isodisomic matUPD7 segment. Fertilization between a normal spermatocyte and
oocyte leads to a disomic zygote. Mitosis starts with chromosome replication, and unusual recombinations occur between a maternal and
paternal chromatid. A daughter cell with partial isodisomic matUPD7 will be the result in 1/4 of the possible chromatid combinations. When
one daughter cell has partial isodisomic matUPD7, the other will have partial isodisomic patUPD7. If both daughter cells survive, this will lead
to mosaic UPD. However, because only the matUPD7 phenotype was observed in this patient, the patUPD7 daughter cell must have been
eliminated. Loss of the patUPD7 cell may be a result of homozygosity for a lethal allele, loss of crucial chromosomal regions on the maternal
chromosome, or other factors affecting the viability of the cell.
qter region should be screened carefully, at high marker
density, in patients with SRS in whom matUPD7 has not
been found.
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